Summary. Previous workers (McKenzie and Parsons, 1972, 1974; McKenzie, 1974; Briscoe et al., 1975) have found anomalous distributions of species of Drosophila, of sexes of D. melanogaster, and of Adh alleles in and around wineries in Australia and Spain.
Introduction
The distributions in and around wineries of Drosophila species and of alcohol dehydrogenase (Adh) alleles in D. melanogaster have been the subject of much recent work carried out in Australia and in Spain. We present data, the relevant observations in and around California wineries, that extend and test some of the ideas from this earlier work.
In Australia, McKenzie and Parsons (1972) Briscoe et al. (1975) found a difference in allele frequency at the Adh locus ; the fast allele (AdhV), with higher activity on ethanol (Rasmuson et al., 1966) , being in very high frequency inside. They suggest that "adult mortality in the presence of ethanol-rich food plays a major role in maintaining a predominance of the high activity Adh v allele in wine cellar populations."
The wineries of California offer an opportunity for an independent critical look at the ideas advanced by earlier workers. We will present data on the spatial distribution of adult flies, by species, sex, and allelic composition at the Adh locus in the case of D. melanogaster, and also on breeding sites, by species.
Materials and Methods
We have collected flies at various times in and around wineries in Sonoma County, California: primarily at the Gundlach-Bundschu winery in Vineburg, but also at the Sebastiani Winery barrel warehouse in Sonoma, and at the Dry Creek Winery in Healdsburg. Collections were made inside the wineries themselves and in surrounding vineyards and woodlands. One collection was made in an oak woodland in Glen Ellen, near Jack London State Park, more than a mile from the nearest winery.
Adh genotypes were determined using the methods of Ayala et al. (1972) .
At the wineries, after a fermentation has progressed for some time, the wine is pressed off the grape skins and seeds (pomace). Pressing usually reduces the moisture content of the pomace to less than 5% by weight. In California, this pomace is spread in the vineyards as mulch, and is undoubtedly the source for the large numbers of D. melanogaster found inside these wineries in the fall. In November, 1977, to determine which species were breeding therein, a two liter sample of pomace from the vineyards adjacent to Gundlach-Bundschu was taken back to the laboratory and the flies raised out of it collected and counted. For contrast, we have information on flies reared from a sample of fallen apples, peaches, and plums collected in Apple Hill, California in E1 Dorado county (Coyne and Bundgaard, pers. comm.) .
In addition, we have performed a crude behavioral experiment: 30 flies of a given species and sex were placed in a rectangular plastic box, and filter paper moistened with fermenting wine must or with a I4% sucrose solution placed at opposite ends. Every hour for 5 h the flies resting on the filter paper were counted and the boxes rotated to randomize any light cues. This experiment was performed four times:
separately for males and females of both D. melanogaster and D. simulans. Table 3 are the results from the behavioral experiment. Tabled are the median and range of numbers of flies of indicated species and sex counted on each substrate. Mortality was negligible during the course of the experiment. Five counts were made in each experiment, but are not independent, as the flies were only somewhat disturbed each hour.
Behavioral experiment. Shown in

Discussion
The several earlier studies discussed above have all related the phenomenon being studied (species distribution, sex ratio, allele frequency distribution) to environmental alcohol. Certain differences in wine-making practice in California allow a critical look at these ideas.
California's wineries differ from their Australian and Spanish counterparts in one striking respect: wines are almost never physically exposed. Thus, we have been unable to find any larvae or pupae inside either Gundlach-Bundschu or Dry Creek, though a single leaking sherry cask in Sebastiani's warehouse provided a very minimal food source for pre-adult stages. The only exception to the policy of never leaving wine exposed is that because of space limitations, Gundlach-Bundschu used a small (several hundred cubic feet) open top fermenter for a single lot of red wine each year from 1976 to 1979. Except when this open fermenter was in use, both Dry Creek and Gundlach-Bundschu fogged the buildings every night with a pyrethrin-based insecticide to keep the number of Drosophila in the winery as low as possible. We consider it very unlikely, therefore, that flies are breeding inside either of these wineries. McKenzie and Parsons (1972) hydei, though fairly common outside, are not found inside the winery. Second, a few D. immigrans have been collected inside the winery, in numbers sufficient to suggest that they disperse passively with respect to the winery. That is, they are approximately as dense (in space) inside the winery as they are outside. The distributional difference of D. melanogaster and D. simulans has been explained as being due to differential alcohol tolerance (McKenzie and Parsons, 1972) or due to a difference in behavioral response to "alcohol fumes" (McKenzie 1974) . Our data indicate that neither reason can strictly be correct. We find virtually 100% D. melanogaster inside the winery even in the absence of environmental alcohol: the inside vs. outside collections of November, 1976, made at Gundlach-Bundschu after all fermentations had been covered, and those of October, 1976, in Sebastiani's barrel warehouse (no fermenters in the building), and at Dry Creek (fermenters outside). The flies cannot encounter wineryproduced alcohol as a food source, and probably do not even encounter fermentation fumes at Dry Creek. Furthermore, a collection made in early September, 1977, before any fermentations had begun, yielded only D. melanogaster. At this time all the wine was tightly capped so that virtually no environmental alcohol was available. Although the distributional difference of these two species is unequivocal and striking, we find no reason to believe that the cause of this distribution is environmental alcohol.
We regard the filtering out of D. simulans at the entrance to the wineries as being perhaps a very artificial behavioral manifestation of the way D. melanogaster and D. simulans, two sympatric sibling species, parcel the local habitat. Alcohol fumes aside, this observed behavior need not be olfactory in nature. The winery could simply be a dark place. However, the fact that we reared virtually 100% D. melanogaster from the pomace suggests that D. melanogaster may be more attracted to the fermentation products of grapes than is D. simulans. By comparison, at baited traps in the adjacent oak woodland, D. simulans males outnumbered D. melanogaster males better than 2 to 1 (Table 1) , while inside the winery not one of the several thousand males checked were D. simulans. Of course, we do not argue that D. melanogaster as a species is grape specific, but rather that for some reason, D. simulans avoids this locally abundant resource in favor of some other evidently abundant resource. Parenthetically, we note also that the pomace data demonstrate that the cooccurrence of adults of closely related species is not sufficient for the inference of competition in nature.
In another locality, our collection records suggest, much less dramatically, that we have identified a resource which D. simulans prefers over D. melanogaster. 21% of the flies reared from fallen fruit from Apple Hill were D. simulans, while D. simulans constituted only 1% of the adult population in that location. Of course, these data could be explained in other ways, but it is possible that in this locality, D. melanogaster was using some unidentified additional resource. McKenzie (1974) attributes the excess of females in the winery to a higher mortality of males on alcohol. We suggest that this may alternatively be due to a behavioral difference. The results of the behavioral experiment reported in Table 3 are a crude test of this hypothesis. No differences in the numbers of individuals resting on either end were found for D. simulans or for D. melanogaster males. However, significantly more D. melanogaster females were found on the wine must than on the sucrose.
It is not necessary that alcohol be the behavioral stimulus for the species or for the sexes. (It is also not necessary that alcohol be the selective agent, if any.) An earlier behavioral experiment similar to the one reported failed to detect any difference in attractiveness of a 10% ethanol solution versus sucrose for either species for either sex. The fumes produced during fermentation consist of many components, the most common of which is CO2. Alcohols constitute only a small fraction of the gasses emitted. Acetic acid, acetaldehyde, and several other volatile aromatic compounds are also liberated in small amounts during wine fermentation (Amerine and Joslyn 1970, pp. 349ff) . Though the importance of the various compounds with respect to survival or as behavioral cues cannot be evaluated as mole fraction, there is no particular reason to regard alcohols as the most important component. Various substances have been found to be better attractants of Drosophila than is ethanol. Barrows (1907) found a mixture of ethanol and acetic acid to be most attractive, and Hutner et al. (1937) , testing 150 compounds, found diacetyl (2,3-butadione), acetaldehyde, indol, and ethyl acetate best. That adults may also be conditioned by volatile components in their larval environment (Thorpe 1939 ) is also important in this respect. Further study is needed on this aspect of the problem.
In addition to the species distribution and the sex ratio, the allelic composition of the population at the Adh locus is of interest. Briscoe et al. attribute the allele frequency difference they find to differential adult mortality. If this is true, then when an open fermenter is active, we would expect to see the same thing in California wineries. (The Adh v and Adh s alleles found in California are probably the same as those found in Spain; Kreitman (1980) demonstrated a lack of variability within electromorphs at this locus.) The data in Table 2 demonstrate that the only allele frequency difference found is in fact the wrong way--the Adh v allele is in higher frequency outside in 1979. The most important consideration here may be that Spanish wineries support a resident fly population, while their California counterparts do not. Briscoe et al. report collecting large numbers of larvae and pupae from the tops of open containers of wine. This suggests that the difference observed by Briscoe et al. is more likely to result from differential pre-adult fitnesses. If this is the case, it explains why we did not find the predicted.allele frequency differences.
However, a global synthesis of the relationship between Drosophila and wineries remains elusive, because of the findings of McKenzie and Parons (1974) : in their wineries there is a resident population, and flies derived from this population exhibit increased tolerance of alcohol, even though the Adh v allele frequency is the same inside and outside the winery, It would be interesting to know if the difference in alcohol tolerance of flies with different Adh genotypes (Gibson 1970 ) still exists within the Australian winery strains. Perhaps the Spanish and Australian populations have found different ways to accomplish the same adaptation.
